Accurate estimation of vegetation biophysical variables such as the vegetation canopy height ( ) is of great importance to the applications of the land surface models. It is difficult to obtain the data of at the regional scale or larger scale, but the remote sensing provides the most useful and most effective method. The leaf area index (LAI) is closely related to the , and we analyzed its relationship with the correlation analysis based on the dataset at 86 site-years of field measurements from sites worldwide in this study. The result indicates that there is significant positive exponent correlation between these two parameters and the change of LAI would exert great impacts on . The higher the LAI is, the higher the is, and vice versa. Besides, the coefficients of different land cover types are very heterogeneous, and LAI of the needleleaf forest shows strong correlation with , while that of the cropland shows weak correlation with . The results may provide certain reference information for the extraction of the data of H at the regional scale with the remote sensing data.
Introduction
The vegetation plays an important role in the transfer of heat, momentum, and substance in the Earth system [1] , and the accurate estimation of vegetation biophysical variables is of great importance to the agricultural, ecological, and meteorological applications [2] . The structural factors of vegetation, such as the leaf area index (LAI) and vegetation canopy height ( ), have direct influence on the surface albedo, surface roughness, surface temperature, surface moisture, and so forth, all of which are important input parameters of the models such as land surface models (LSM), regional climate model (RCM), and global climate model (GCM) [3] . Therefore, the data accuracy of the vegetation density and height may have great impacts on the uncertainties in the simulation results with these models.
Both LAI and are important vegetation physiological parameters that have close relationship with the ecological, hydrological, and climatic models.
is an important ecological metric that can provide essential information to scientists interested in understanding or modeling a wide range of atmospheric, hydrological, biophysical, and ecological processes in the forest and shrubland [4] , while LAI is also one of the most important vegetation parameters and land property indices that serve as a primary controlling factor of the exchange of energy, water, and carbon fluxes between the terrestrial ecosystems and the atmosphere [5] [6] [7] [8] .
As the primary attribute of the vertical structure, affects the boundary layer meteorology and microclimate [9] . Besides, plays a very important role in the interface between atmosphere and land surface in many ways. For example, since the physical processes generally change at the , the quantities of physical parameters (e.g., wind speed, temperature and concentration of CO 2 ) above the ground surface are often normalized at the , and sometimes these physical parameters are also normalized with their values at the [10] . In addition, some studies demonstrated that also plays an important role in influencing the biogeochemical properties 2 Advances in Meteorology of the land system. For example, Desai et al. showed that had a strong correlation with CO 2 fluxes [11] . is a fundamental variable in allometric equations that estimate the forest biomass and productivity [12, 13] . Therefore, is a very important parameter in many research fields; however, the current land cover and vegetation classifications usually provide little and even no information about beyond the most basic structural vegetation distinctions [4] .
Land surface models such as CESM, SEBAL, and MET-RIC [14, 15] can calculate the surface fluxes as a function of the aerodynamic resistance for the heat transfer, which is a function of aerodynamic roughness length 0 (m). In these models zero-plane displacement (m) and 0 may be derived from a variety of canopy structure inputs. At the most basic resolution, and 0 are simple linear functions of site-level , typically ≈ 0.66 and 0 ≈ 0.10 [16, 17] . Some studies took and 0 as a proportion of ℎ [18] . This increases the uncertainties of the simulation results. Pitman (1994) showed that a 30% error in the estimation of 0 within LSM could lead to a 15% error in estimation of the sensible heat flux over forested environments [19] . Besides, parameters such as and 0 [20, 21] are often normalized by for intersite comparison studies. Both and 0 are primarily dependent on , though the normalized values / and 0/ are known to vary with the canopy density and/or LAI [20] [21] [22] .
Some researchers have found that there is a relatively high correlation between the estimates from NASA's active laser vegetation imaging sensor (LVIS) and maximum values of the Howland Forest measured in the field [23, 24] . However, there is some limitation in the spatial extent of the data obtained from the airborne LIDAR sensors such as LVIS [25] , and it is necessary to develop some efficient methods to estimate using optical remote sensing [26] . Unfortunately, there have been no mature approaches yet. Currently, the light detection and ranging (LIDAR) data can provide detailed information about the forest canopy height in the vertical plane [25, 27] . For example, the current remote sensing data, for example, the Landsat data, can provide useful structural information in the horizontal plane, but these data are relatively insensitive to the . It has become a popular and effective method to extract the based on the remote sensing data at the regional scale [6] , and it has also become an important scientific issue to analyze the relation between and other relevant parameters of vegetation which can be easily accessed by remote sensing.
In terms of the relationship between the vegetation characteristics, other researches have evaluated the relationships between vegetation indices, canopy structure, physiology, and biomass [28, 29] . Besides, some previous researches have reported that there is close relationship between LAI and the land cover type [30] . However, there are few studies about the direct physical relationship between them. In this study, we have assumed that there is certain linear relationship between them and analyzed this relationship with the regression between and LAI on the basis of observation data collected from 86 sites covering various vegetated surfaces. The result of this study may provide certain reference value for indirect extraction of at the regional and global scale. 60 ∘ E 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 60 0 
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Data
The dataset used in this study mainly includes the data of and LAI, both of which are considered as important parameters of the land surface characteristics in most sites [31] . In this study, we have collected and sorted out data of the vegetation and structure parameters at 86 site-years of field measurements from sites worldwide. The original vegetation cover data were sorted into 17 types [32] according to vegetation/land cover classification system standard by International Geosphere-Biosphere Program (IGBP) [33] . Figure 1 shows the spatial distribution of these sites. In In this study, the dataset of and LAI comes from two data sources. The first dataset is the dataset of net carbon dioxide and water fluxes of global terrestrial ecosystems, 1969-1998. The Oak Ridge National Laboratory Distributed Active Archive Center (ORNL DAAC) for Biogeochemistry Dynamics organized and formatted these data for long-term archive. The data file of 133 study sites includes 110 micrometeorological studies and 23 enclosure studies. The type of study (micrometeorological or enclosure) and classification of the ecosystem given by Buchmann were added to each entry. Data used in this paper is measurement site locations and several physical and biophysical characteristics (e.g., , LAI, and stand age) and finally sorted out valid data record 53. The second dataset comes from the research results of Cho et al. (2012) [34] . The data is measured at the peak of the leaf biomass in the specified year for each site and categorized by the IGBP vegetation classification system. In this dataset, there are 33 records.
The dataset which contains information of latitude, longitude, LAI (maximum), and (maximum) in the sites was finally established. Descriptive statistics for the variables of this dataset are included in Table 1 . For the analysis, we reclassified the original vegetation types into the types of the IGBP classification system. Then statistics of different types of record number were incorporated into NF (needleleaf forest), BF (broadleaf forest), C (croplands), G (grasslands), MF (shrublands), and savannas ( Table 2 ). The main surface vegetation type of the site is grasslands, croplands, forests (deciduous broadleaf Forests, deciduous needleleaf forests, evergreen needleleaf forests, evergreen broadleaf forests, and open/closed shrublands), and savannas. Then the land cover classification system of vegetated surface was got after excluding nonvegetation surface types, including urban and built-up (13), snow and ice (15) , water bodies (17), land cover classification types with nonsite distribution mixed forest (5), woody savannas (8), permanent wetlands (11), cropland/natural vegetation mosaic (14) , and barren or sparsely vegetated (16).
Results
The correlation analysis between , ln( ), LAI, and ln(LAI) was implemented one by one, and finally the correlation (15), and water bodies (17) . So "-" means that such land cover types do not exist. matrix was obtained. The result indicated that the Pearson correlation value of LAI and vegetation height ( ) and ln( ) reached 0.64 and 0.616, respectively, while there is a more sensitive correlation between ln( ) and LAI and ln(LAI) since their Person value was 0.609 and 0.681, respectively. The result shows that there is a positive correlation between all of , ln( ), LAI, and ln(LAI) ( Table 3 ). There is the most significant correlation between ln( ) and ln(LAI), which is significant at the 1% level of significance (bilateral), and their correlation coefficient is 0.681. It is followed by that between and LAI, the correlation coefficient of which is 0.641. The significance level of ln( ) and LAI is the weakest, and their correlation coefficient is 0.609. By inquiring the critical value table of the correlation coefficient, it is found that the correlations between , ln( ), LAI, and ln(LAI) are all significant at the 99% level of confidence.
The regression analysis of and LAI was implemented with the SPSS software, with being the dependent variable and LAI being the independent variable. The results are as follows: the summarized conditions of the regression model, the estimated values of parameters, the results of curve fitting of and LAI, and the final regression equations (Table 4 , Figure 2 ).
The result indicated that these functions all reflected the relationship between and LAI to some degree. The result suggests that the result of curve fitting of and LAI with the power function is the most proper, which can effectively reflect the correlation between and LAI ( = 1.4915
1.3396 , 2 = 0.464). It is followed by the linear fitting ( 2 = 0.411), while the result with the exponential function is the worst ( 2 = 0.371).
Although the power function can reflect the correlation between and LAI best, it is found that the logarithmic function can better reflect the correlation between and LAI to some degree when the single or several land cover types are taken as the research object. So the logarithmic function has been used to analyze the correlation between and LAI with the combined land cover types as the research object in this study, including the land cover BF, NF, C, and G.
The results of the analysis with the logarithmic function are as follows. Figures 3(a), 3(b) , 3(c), and 3(d) represents the scatter plots between ln( ) and LAI of the broadleaf forest, needleleaf forest, croplands, and grasslands, respectively. The solid lines represent the fitted line of the changing trend, the fitted equations, their fitting variances ( 2 ), and significance level; see Table 5 .
The result indicated that the changing trends of and LAI of broadleaf forest, needleleaf forest, and grasslands tend to converge; that is, they show a positive correlation on the whole, suggesting that the canopy heights of broadleaf forest, needleleaf forest, and grasslands all will increase with LAI. And the 2 of broadleaf forest, needleleaf forest, and grasslands are 0.24, 0.25, and 0.26. They are significant at the 10% significance level. There is a negative correlation between the changing trend of and LAI of cropland, which is contrary to that of their land cover types and inconsistent with the common sense; it may be due to the following reasons. First, the data of croplands is greatly influenced by the types of the crop. Second, the analyzed result is not significant correlation between H and LAI since there is very limited data of this land cover type in the dataset used in this study.
By contrast, the results well reflected the correlation between and LAI in the other three land cover types. The result indicated that there is a positive correlation between and LAI on the whole, and the change of LAI has some influence on the change of the vegetation height; that is, the larger the LAI is, the higher the vegetation height will be, and vice versa. Besides, there is some variation in the degree of correlation between and LAI in different land cover types.
Conclusions
The results show that there is significant positive correlation between and LAI, and the power function relationship between and LAI is especially significant. Besides, this study also analyzed the relationship between and LAI with the vegetation type of broadleaf forest, needleleaf forest, croplands, and grasslands. The result indicates that there is significant difference in relationship between and LAI among different land cover types. Specifically, there is a significantly positive relationship between and LAI of broadleaf forest, needleleaf forest, and grasslands, while there is negative correlation between and LAI of croplands. In addition, the instrument used to measure LAI in different sites is not exactly the same, which increases the uncertainties in the relationship between LAI and .
More types of vegetation dataset should be included to improve the robustness of this study. At the same time, for the data shortage, this study only analyzed the relationship between and LAI of broadleaf forest, needleleaf forest, grasslands, and some other vegetation cover type, so the future studies should analyze a comprehensive relationship between and LAI and include a wider range of vegetation cover types to quantify the role of vegetation on heat transport.
